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HIGH-SPEED AERODYNAMIC CHARACTERISTICS OF A MODEL 
TAIL PLANE WITH MODIFIED NACA 65 -OIO SECTIONS 
AND 0° AND 45 ° SWESPBACK 
By Joseph L, Anderson and Andrev Martin 


SUMMARY 

Wind— tmmel testa have been made to determine the aerodynamic 
characteristics of a model tall plane having modified NACA 65 -OIO 
sections eind a tapered plan form. Results were obtained with the 
model tall plane unswept (flap hinge line perpendic\ilar to air flow) 
and swept back (flap hinge line swept back 45° to air flow) . 

The data show the lift, drag, pitching-moment, and hinge- 
moment coefficient variation with angle of attack and flap deflection 
at various Mach nimibers. Results are presented for Mach numbers 
from 0.40 to 0.875i with flap deflections from —5° to 15° at low 
Mach numbers and from - 6 ° to 8 ° at the higher Mach nianbers. 

The Mach number of lift divergence for the unswept tail was 
found to be O. 8 O, while the Mach number of divergence for the swept 
tail was above 0.875* At a Mach number of 0.40, the unswept tall 
stalled at 12 ° angle of attack, but the swept tail did not stall at 
20 °. 


If the unswept tall of an airplane were replaced with a swept 
tail (both tails similar to those tested) and the tail area were 
increased sufficiently to maintain equal static longitudinal 
stability at low speed, calculations based on the test results 
indicate that below a Mach number of O. 8 O, the swept tall would 
have greater drag but woiild require the same elevator stick force . 
Above O 08 O Mach number the tall drag and the elevator stick forces 
would both be considerably less for the airplane with the swept 
tall than for the alirlane with the unswept tall. 


RESTRICTED 


2 


MCA 3M No. A7J22 


DTEROroCTION 

Recently, during recovery of an airplane from a hig^i— speed 
dive, an unanticipated abrupt pitch-up and a large positive 
acceleration were encountered. (3ee reference 1.) In order to 
determine if the tail characteristics of this airplane were affected 
by Mach number, testa were made in the Ames l6— foot hl^— speed wind 
tuimel of a semispan model of the horizontal tail plane of the 
airplane. The movable surface of the model tail plane is referred 
to in this report as a flap, for the results are applicable to 
other control surfaces. The aerodynamic characteristics of this 
model tall plane were measured with the flap hinge line unswept 
and swept back 1+5°. 


SIMBOIfl 


The coefficients and the symbols used in this report are defined 
as follows: 

Cl lift coefficient (L/qS) 

Cd drag coefficient (C/qS) 

Cm pltching-mcanent coefficient about one— quarter 

M.A.C. (M'/qS M.A.C.) 


Chf 

M 

R 

A 

F 


flap hinge-moment coefficient 


(H/qCf^bf) 


Mach number ("V/a) 

Reynolds number (pV M.A.C./++) 


aspect ratio 
Btlck force 


2 Chf q bf cf 

stick length X 


dSs 

d6f 


pounds 


where 

L lift of semispan model, pounds 

D drag of semispan model, pounds 

M* pitching moment about the one-quarter M.A.C. of 

semispan model, foot-pounds 
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H 

hinge moment about flap hinge line of semispan model, 
f oot-pounds 

q 

dynamic pressure (^T*) , pounds per square foot 

s 

area of semispan model, square feet 

t 

semispan of model, feet 

c 

chord of tail plane perp>endicular to the hinge line, feet 

Cf 

chord of flap perpendicular to the flap hinge line, feet 

Ct 

chord of tab pei^)endicular to the flap hinge line, feet 

M.A.C. 

mean aerodynamic chord, feet 

bf 

flap span of semlspan model parallel to the hinge line, feet 


tab span parallel to the hinge line, feet 

*5? 

root-mean— square chord of flap perpendicular to the hinge 
lllie, feet 

P 

mass density of air in the free stream, slugs per cubic 
foot 

« 

y 

velocity of the free air stream, feet per second 

a 

speed of sound in the free air stream, feet per second i 


viscosity of air in the free stream, poimd— seconds per 
square foot 

and 


a 

angle of attack of model, degrees 

6f • 

flap deflection relative to airfoil, positive when the 
trailing edge is deflected downward, degrees 

6t 

tab deflection relative to flap, positive when trailing 
edge is deflected downward, degrees 

5s 

control-stick deflection, degrees 
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Increment of drag coefficient 

lote: The suhscrlpts outalde the parenthesla indicate the factors 

held constemt in detezmlning the parameters. 


KEBCBIPnOI OF MOIKL AID APDABATOS 

The test model was ViRlf* of the horizontal tail plane from a 
1/3— scale model of a filter airplane. The dimensions of the tall 
are presented in table I. This tail plane has a flat— sided flap 
having a ohord equal to 25 peixsent of the tail-plane chord and a 
tab having a chord equal to approximately 25 percent of the flap 
chord. The coordinates of the airfoil section are shoim in table II. 
The flap was restrained by a cantilever beam to vhlch wei^ glued 
resistance— type strain gages for the measurement of the flap hinge 
moments . 

To separate the tunnel— wall boundary layer from the model and 
thereby eliminate the effect of this boundary layer on the test 
results, a reflection plate vas mounted 6 inches from the tunnel 
wall. TTift tall) supported by the balance frame, had its plane of 
symmetry at the reflection plate. A fairing covered the model- 
supporting structure between the plate and the tunnel va i l « A 
baffle vas installed on the model near the reflection plate to 
dlrsot the leakage flow away from the model. (Bee fig. 1.) 

Figure 2 shows the unswapt tail plane mounted in the wind tunnel. 
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HESULOB AHD DISCIBSION 

The tunnel-wall effects were considered to te negligible, and 
the effect of leakage at the reflection plate was unknown; therefore, 
no corrections were applied to the data. 

The Reynolds numbers for both tall planes are shown In figure 3. 
The Increased slope of the curves above 0.80 Mach number Is due to 
the order of running the testa; data at the hl^er Mach numbers were 
obtained first irtien the air stream was coolest and consequently the 
density hipest. 

The aerodynamic characteristics are presented for the unswept 
tall plane In figures 4 through 8 and for the swept-^)ack tall plane 
In figures 9 throu^ 13. The variation of drag coefficient with 
Mach nxnaber for both the unswept and swept tails Is presented In 
figure ll^. Figures 15 throu^ 20 show the lift, flap hinge-moment, 
and tab hlnge-mcment parameters. 


Analysis of Wind-Tunnel Data 

Lift .— The change In slope of the lift curves for the unswept 
tall In figures Ma), (b), and (c) at about 0° angle of attack for 
the flap deflected 10° and 15 ° was probably the result of a shift of 
the transition point on the tall .surface. With the flap undeflected, 
the meTimiim lift coefficient at 0.40 Mach number was 0.7^ ab 12° 
angle of attack. Tufts showed that the tip started to stall at 
about 2° angle of attack and the stall progressed inboeurd with 
Increase In angle of attack. The stalling of the tip at such a 
low angle of attack probably caused the low mailmum lift coefficient. 
The Mach number of lift dlvergetnce at 0° angle of attack occurs at 
about 0.80. 

The lift peirameter og for the unswept tall at 0° an g l e of 
attack decreased with Increase In Mach number. (See fig. 17.) 
decrease in <xg from 0.40 Mach number to 0.80 was due to the 
Increase in stabilizer effectiveness (Cl^, fig. 15) with no increase 
In flap affeotlvenesB (Cig, fig. l6); above 0.80 the decrease In og 
was the result of a more rapid loss In flap effectiveness than 
stabilizer effectiveness. 

For Mach numbers of 0.40 and 0.60 there was a change In slope 

? f the lift oupres for the swept-back tail at 6° angle of attack. 

Bee figs. 9(a) ®dd 9(b).) Above this angle of attack the lift- 
curve slopes Increased. This change In slope was probably the 
result of a shift of the transition point on the tail sixrface 
similar to that eiperlenced for the imswept tall at 0° angle of 
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attack. The awept-^ack tall did not stall at the mailmym test 
angle of 20°. The Mach ntmibor of lift dlrergence at 0° angle of 
attack occurs above 0 . 875 • 

The variation In the lift pstrameter ofi (fig. 1?) with Mach 
nuniber throu^out the test Mach number range was small for the 
swept tall In oan5)arlson to that for the unswept. The small 
decrease In ag, above 0.75 Mach number was the result of the 
Increase In swept— tall stabilizer effectiveness (CLa) while the 
flap effectiveness (Cls) <3Jld not change significantly at Mach 
numbers above 0.75* (See figs. 15 and l6.) 

Drag .— The drag coefficients presented In figures 6 and 11 
cannot be oonsldeired absolute^ since the effects of the baffle 
plate and the end leakage are unknown j however, the relative values 
shoxild be largely Independent of these effects. The Interference 
effects and the poor accuracy In obtaining the drag data probably 
nullified the low— drag range of these airfoils. There was a 
pronounced Increase of the drag coefficient of the unswept tall 
plane above the Mach number of drag divergence due to the shock 
on the surface. (See fig. l4.) For the swept-^aok tall plane, 
there was no Increase In drag coefficient with Increase In Ifach 
number to 0.875. Deflection of the flap Increases the drag 
coefficient of the unswept tall plane markedly, while the drag 
coefficient of the swept tall Increases only sU^tly. 

Pitching moment.- Figure 7 shows that the change In slope 
(^Cji/SJl) of the pitching-moment curves with lift coefficient was 
greater at 0.40 Mach number than at the higher Mach numbers. The 
change In the slope and the scatter of the data were probably 
cajised by the Inability of the pitching-moment balance to accu- 
rately measure the 1 moments on the model at this low speed. 

F~*ap hinge moment.— Figure 8 .shows that the slope of the flap 
Viin gft — m nmft -nt-. fiiiTveH for the unswept tall Increased at about 8 angle 
of attack for Mach numbers below 0.80. This Is the angle of attack 
at which the tail plane started to stall. The unstable variation 
of flap hinge-moment coefficient with a n g le of attack at 0,875 Mach 
nuniber Is the resiilt of the flap operating In separated flow. The 
change In variation of Chf^ and with Mach number, above 

0.80, was due to the flap operating In the separated region produced 
by shock on the tall plane. (See figs. l8 and 19.) 

As shown In figures l8 and 19, the flap hinge-moment paiameters 
(Chfgj and for the swept tall remained about constant throu^ 

the Mach number range . 
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Tab eff ectlveneas In the determination of tab effectivenesB, 
the tab was deflected only negatively. The variation of tab 
effectiveness (SChf/^&t) with Mach number is shown in figure 20, 
There was a rapid loss in tab effectiveness for the unswept tail 
above 0.80 Mach number. Below 0.80 Mach number, a flap deflection 
of +5 or —5 changed the tab effectiveness approximately ±0.0015 
for the unswept tall. The tab effectiveness for the swept tail was 
about constant with Increase in Mach number and changed sllgjhtly 
with flap deflection. 


Effect of Sweepback of the Horizontal Tall 
Plane on the Characteristics of an Airplane 

From the wind-tunnel results, a direct comparison is not 
possible between the characteristics of the swept tail and that of 
the unswept. In order to Illustrate the effect of sweepback of the 
tall on the characteristics of an airplane, two hypothetical air- 
planes, one having an unswept horizontal tail, and the other having 
a swept-back horizontal tail, were assumbd. Using the wind-tunnel 
data presented in this report, supplemented with other wind-tunnel 
data* the tall size was chosen for each airplane so that at 0,60 
Mach number the static longitudinal stability (^Cjh/^l) would be 
eqiial for each airplane as well as the pitching-moment coefficients 
at zero lift. The following table gives the major dimensions for 
these two airplane which are Identical except for the horizontal 
tails: 


Wing area, square feet 
Wing span, feet 
Horizontal- tail span, feet 
Horizontal— tall area, square feet 
Horizontal— tall incidence, degrees 
Tall length, from 25-percent point of the 
wing mean aerodynamic chord to the 
elevator hinge line at the tall root, 
feet 


Thiswept 

tail 

Swept-back 
45 ° tail 

237.00 

237.00 

39.00 

39.00 

15.58 

13.30 

k 3.56 

76.59 

1.5 

1.5 

16.47 

16.47 


The variation of the calculkted pitching-moment coefficient with 
lift coefficient for both airplanes is shown in figure 21 for constant 
Mach numbers. Figure 22 shows the variation of the neutral point 
for both airplanes with the elevator free and fixed through a Mach 
number range of 0.60 to 0.875* For the airplane with the unswept 
tail, the calculated neutral point moves aft with increase in Mach 
nianber to 0.825, above which it moves forward so that its location 
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at a Mach number of 0.875 is practically the same as at 0,60 Mach 
number. (See fig. 15 •) This change in neutral point with Mach 
number is largely the result of the change in stabilizer effective- 
ness, for when the stabilizer effectiveness increases the neutral 
point moves aft and vice versa. For the airplane with the swept— 
back tail the neutral point moves gradually aft with Mach manber, 
due to the increase in stabilizer effectiveness. (See- fig. 15») 

For a wing loading of ^0 pounds per square foot at sea level, 
figure 23 shows the calculated elevator stick forces and angles 
needed to balance the two hypothetical airplanes in level fli^t. 

For Mach numbers from O. 6 O to O .815 the stick force for the swept 
tall is equal to or slightly larger than for the unswept tail. 
However, above O. 8 I 5 Mach number, the stick force for the swept 
tail is less than for the unswept tail; at O .875 Mach number, 

125 and 600 pounds, respectively, are required. 

The drag increment of the horizontal tails is shown in figure 2k 
for various Mach numbers. The drag of the swept tail is about 3 <•5 
times greater than for the unswept tail at O. 6 O Mach number, but 
this is largely due to the greater area for the swept tail. At 
0,875 Mach number, the drag of the swept tail is considerably 
lower than that for the unswept tai 1 plane . 


CONCLUSIONS 

The results of the high-speed wind-tunnel testa of a semispan 
horizontal tail swept Jind unswept indicate the following: 

1. The Mach number of lift divergsace for the imswept tail 
was approximately O. 8 O, while that for the swept— back tail was above 

O.8750 


2. Above a Mach number of O. 8 O, and at low angles of attack, 
the unswept tall plane showed a decided loss in stabilizer and flap 
effectiveness and an increase in flap hinge^noment coefficient; 
whereas in comparison the swept— back tail showed little change with 
Mach number to 0.875- 

3 . For the two hypothetical airplanes assumed in this report, 
one having an unswept and the other having a swept— back— horizontal 
tail, more area would be required for the swept horizontal tail 
plane than for the vinswept tall for equal airplane static longitudinal 
stability at low speed. The airplane with the swept tail would have 
higher stick forces and tail drag at the Mach numbers below the I'lach 
number of lift divergence than the airplane with the unswept tail. 
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but above the Mach number of divergence the airplane with the swept 
tail woTild have considerably less stick force and tail drag. 


Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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TABLE I.- M0I3EL DIMENSIONS 


Dhswept 

Airfoil section, perpendicular Modified 

to the hinge line (table l) ... NACA 65— 010 

Sweephack of flap hinge line 

(75-percent-chord line), degrees . 0 

Sweephack of leading edge , degrees . 16 

Sweephack of 25— percent— chord line , 

degrees 11.5 

Tail-plane area, square feet .... 2.39 

Spein, feet • 2.53 

Mean aerodynamic chord, feet .... I.03 

Aspect ratio (based on full span) . 5*36 

Flap span along flap hinge line, 

feet 2.36 

Tail-plane root chord, feet .... 1.^4 

Equivalent tail-plane tip chords 

feet 0,45 

Taper ratio *313 

Rootnne an— square chord of flap, feet ©255 

Ratio of flap chord to tail plane 
chord (perpendicular to flap hinge 
line) o o . . o . . .25 

Tah span along tab hinge line, feet o44 

Ratio of tah span to flap span . o . 0I85 

Ratio of tah chord to flap chord at 

inhoard end of tah *31 

Ratio of tah chord to flap chord at 

tip of tah , • o • • • • o o • o • .19 

o . , . . . 5°56" 


Swept back 

Modified 
NACA 65-010 

45 

61 

56,5 

3.36 
1.97 
1.89 
2.31 

2.36 
2.68 

0.73 

.272 

.255 

.25 

,44 

.185 

.31 

.19 

5°56" 


Trail ing-edge angle 
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TABLE II.- COOECmTES IN PEECENT CHOED 
FOB MODIFIED NACA 6^-010 AIEFOIL 


Station 

Ordinate 

0 

0 

0.5 

0.767 

.75 

.923 

1.25 

1.154 

2.50 

1.558 

5.0 

2.175 

7.5 

2,642 

10 

3.040 

15 

3.664 

20 

4.142 

25 

4,500 

30 

4.760 

35 

4.921 

40 

5.000 

45 

4.962 

50 

4,800 

55 

4.512 

60 

4.114 

65 

3.652 

70 

3.115 

75 

2.597 

80 

2.087 

85 

1.577 

90 

1.066 

95 

.556 

100 

. 

.046 
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Figure 3- Variation of Reynolds number with Mach number. 
Un swept and swept back 45°. 
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Figure 4.~Variation of lift coefficient with angle of attack. 
Unswept-, 6f,0°. 
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Fig . 4 b 
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Figure 4. — Continued. 
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Figure 4.— Continued. 
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Angle of attack , OL , deg. 
(d) M, 0J5 
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Figure 4. — Continued. 
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(e) M, 0. 80 


Figure 4. — Continued. 
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Fig . 4 f 
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(f) M, 0. 825 
Figure 4. — Continued. 
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(g) M, 0. 85 
Figyre 4. — Continued. 
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Fig. 4 h 
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Figure 4. — Concluded. 
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Figure 5— Variation of lift coefficient with Mach number. 
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Figure 5— Continued. 
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(c) a, r. 


Figure 5- Continued. 


Lift coefficient 


NACA RM No. A7J22 


Fig. 5 d 
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Figure 5— Continued. 
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Figure 5— Concluded. 
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Fig. 6 a 



Angle of attack, Of, deg 
(a) M, 0.40 


Figure 6.- Variation of drag coefficient with angle of 
attack. Un swept; 6f, 0°. 
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(b) M, 0.60 
Figure 6.- Continued. 
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Figure 6. -Continued. 
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Figure 6— Continued. 
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Figure 6. - Con tinued. 
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Figure 6. — Continued. 
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Fig . 6 g 
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Figure 6. - Continued. 
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Figure 6.— Concluded. 
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Figure 7. — Variation of pitching-moment coefficient with lift 
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Figure 7— Continued. 
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Fig. 7 c 
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Figure 7. — Continued. 


Fig . 7 d 
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Figure 8. - Variation of flap hinge-moment coefficient with angle 
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(b) M, 0.60 
Figure 8. - Continued. 
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Figure 8. - Continued. 
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Figure 8.— Concluded. 
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Figure 9.— Concluded. 
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Figure ! O — Variation of lift coefficient with Mach number. 
Swept back 45°-, 6f, 0°. 
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Figure !0. - Continued. 
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Figure iO.— Continued. 
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Figure I L- Variation of drag coefficient with angle of 
attack. Swept back 45°', 6f, 0° . 
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Figure II.— Continued. 
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Figure H.- Continued. 
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Figure 12.— Continued. 
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Figure !2.— Continued. 
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Figure 12.— Concluded. 
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Figure 13. — Variation of flap hinge-moment coefficient 
with angle of attack. Swept back 45°, 6f, 0°. 
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Figure !3. — Continued . 
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Figure 14 — Variation of drag coefficient with Mach number. 
Unswept and swept back 45°-, angle of attack 0°. 










CO 

1 

NATIOI 

MMITTEI 

1 

NAL ADI 
E FOR A 

1 

/ISORY 

ERONAL 

1 

mcs 

























6 (deg) 












/-i/5 












// 

-to 

Vs 
























.4 .5 .6 .7 .8 .9 

Mach number, M 


Swept 


NACA RM No. A7J22 


Fig. 15 a 


J2 


.08 

-a 

.04 












“\ 













^ 

— — 

\ 























, — 


. — 

















.3 .4 .5 .6 .7 

Mach number^ M 


.8 


.9 

Unswept 



.3 .4 .5 .6 .7 

Mach number, M 

a, 


.8 


.9 



a, 4° 

{a) a, O^i 4° 

Figure 15 — Variation of lift parameter with Mach 
number. Unswept and swept back 45°^ 6f, 0°. 
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number. Unswept and swept back 45"-, 6f, 0°. 
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Figure !6. — Concluded. 
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Figure !7. —Variation of lift effectiveness parameter CCg 
with Mach number. Unswept and swept back 45°-, 
angle of attack, 0°-, 6f, 0° 
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Figure !9. — Variation of flap hinge-moment parameter Cf 
with Mach number. Unswept and swept back 45^i 6f 
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Figure !9. — Concluded. 
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Figure 20. — Variation of tab effectiveness with Mach 
number. Unswept and swept back 45^; angle of 
attack, 0°i 6f, 0°f tab angle approximately - 5 ® 
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Figure 2i— Predicted variation of pitching-moment coefficient with 
lift coefficient for an airplane with the horizontal tail unswept 
or swept back 45° Elevator, 0°. 
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Figure 22— Predicted variation with Mach number of neutral 
point for an airplane with the horizontal tail unswept or 
swept back 45° Equal static longitudinal stability at 
Mach number of 0.60-, wing loading, 50 pounds per 
square foot-, sea level . 
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Figure 25- Predicted variation with Mach number of elevator stick 
force and angle for an airplane with the horizontal tail 
unswept and swept back 45° Equal static longitudinal 
stability at Mach number of 0.60 wing loading, 50 pounds 

per square foot; sea level. 
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Figure 24— Predicted variation with Mach number of the 
horizontal tail drag for an airplane with the horizontal 
tail unswept and swept back 45^-, wing loading, 50 
pounds per square foot-, sea level. 


